25 Three human clinical isolates of bacteria (designated strains Em1, Em2 and Em3) had high 26 average nucleotide identity (ANI) to Elizabethkingia meningoseptica. Their genome sizes 27 (3.89, 4.04 and 4.04 Mb) were comparable to those of other Elizabethkingia species and strains, 28
Introduction
NGS libraries were prepared using the Illumina TruSeq Nano DNA Library Preparation 107 Kit. Completed libraries were evaluated using a combination of Qubit dsDNA HS, Caliper 108
LabChipGX HS DNA and Kapa Illumina Library Quantification qPCR assays. Libraries were 109 combined in a single pool for multiplex sequencing and the pool was loaded on one standard 110 MiSeq flow cell (v2) and sequencing performed in a 2x250 bp, paired end format using a v2, 111 500 cycle reagent cartridge. Base calling was done by Illumina Real Time Analysis (RTA) 112 v1.18.54 and output of RTA was demultiplexed and converted to FastQ format with Illumina 113 Bcl2fastq v1.8.4. The genomes were assembled into contiguous sequences using SPAdes 114 version 3.9 following the manual as described previously [20] , then short and low-coverage 115 contigs were filtered out. 116
Genome annotation 117
Annotation of the assembled genome sequences for Em1, Em2 and Em3 was submitted 118 to the NCBI Prokaryotic Genome Automatic Annotation Pipeline (PGAAP). The predicted 119
CDSs were translated and analyzed against the NCBI non-redundant database, Pfam, TIGRfam, 120
InterPro, KEGG and COG. Additional gene prediction and manual revision was performed by 121 using the Integrated Microbial Genomes and Microbiome Samples Expert Review (IMG/MER) 122 platform. 123
Bioinformatics 124
Functional categorization and classification for predicted ORFs were performed by RAST 125 server-based SEED viewer [21] . Multi-drug resistance genes were predicted in the 126
Comprehensive Antibiotic Resistance Database [22] . Prophage prediction was done with large alignment was used to construct a phylogenetic tree using the neighbor-joining method 138 as implemented in the PHYLIP package [28] . 139
The regulatory elements were predicted using p2rp with default settings 140 (http://www.p2rp.org). Bacterial protein localization prediction was conducted with tool 141 PSORTb version 3.0.2 (http://www.psort.org/psortb/). Carbohydrate active enzyme families, 142 including enzymes of glycan assembly (glycosyltransferases, GT) and deconstruction 143 (glycoside hydrolases, GH, polysaccharide lyases, PL, carbohydrate esterases, CE), were semi-144 manually annotated using the Carbohydrate Active Enzyme (CAZy) database curation 145 pipelines [29] . Polysaccharide-utilization loci (PUL) was predicted as described in the PULDB 146 database (www.cazy.org/PULDB/). 147 Biofilm formation was evaluated using a standard assay with crystal violet staining as 149 previously described, [30] with modifications as follows. Em1, Em2 and Em3 were grown in 150 TSB broth to the mid-exponential phase. The cultures were diluted in TSB broth, and 100 µL 151 were deposited in wells of 96-well microtiter polystyrene plates with flat bottoms. The negative 152 controls were TSB medium without inoculum. The plate was incubated at 28°C under static 153 condition for 24 h. The supernatants were discarded, the wells were washed twice with 200 µL 154 of sterile distilled water and then 150 µL of 1% (w/v) crystal violet was added to each well. 155
After 30 min, excess stain was removed by washing the wells four times with 200 µL of sterile 156 distilled water and the stain bound to adherent cells was subsequently released by adding 100 157 µL of absolute ethanol. The biofilm formation was determined by measuring the OD595 nm 158 using the plate reader. 159
Accession of the genome sequences 160
The data from these Whole Genome Shotgun projects have been deposited at 161 DDBJ/ENA/GenBank under accession numbers MCJH00000000, MDTZ00000000 and 162 MDTY00000000 for Em1, Em2 and Em3, respectively. The BioProject designations for this 163 project are PRJNA336273, PRJNA339645 and PRJNA338129, and BioSample accession 164 numbers are SAMN05507161, SAMN05601445 and SAMN05521514 for Em1, Em2 and 165 Em3, respectively. 166
Statistical analyses 167
Statistical analyses were performed using SAS (version 9.2; SAS Institute, Cary, NC). 168
Results

170
Genome features and phylogenetic inferences 171
The assembly of strain Em1, Em2 and Em3 contained 10, 14 and 11 contigs with a size of 172 4.04, 3.89 and 4.04 Mbp, respectively ( ANI values indicated that the three isolates belonged to E. meningoseptica species as they 181 were more than 99% identical to the type strain E. meningoseptica ATCC 13253 (Table 2) . 182
However, ANI values were low (<80%) in comparisons with E. anophelis or E. miricola (Table  183 2). The difference in overall genome features between Em1 and Em3 was negligible ( The core genome and pan-genome were sorted and used for gene repertoire analysis in 190 selected E. meningoseptica genomes ( Fig 1A, 1B) . Core genome analysis showed that the 191 number of shared genes decreased with addition of the input genomes (see Fig 1B) . Overall, 192 E. meningoseptica displayed an open pan-genome feature because new genes appeared when 193 more sequenced genomes were added to the analysis ( Fig 1A) . E. meningoseptica Em1 and 194 Em3 shared at least 3556 genes; only 3 and 5 genes were uniquely present in strains Em1 and 195
Em3, respectively, supporting that Em1 and Em2 are very similar ( Fig S4) 3,173 and 3,788 common genes with strains G4076, G4120, NBRC 12535, and 61421 PRCM, 199 respectively (Fig 2A) . These genes shared in common accounted for approximately 93.5%, 200 97.7%, 91.2%, and 97.5% of the encoding genes of Em2, respectively; taken together, Em2 201 and these four strains shared 3,076 genes (Fig 2A) . However, E. meningoseptica Em2 shared 202 far fewer genes with E. anophelis strains (2,772 to 2,823) and E. miricola (2,789 to 2,890), 203 accounting for less than 86% of the total encoding genes ( Fig 2B) . 204
Antimicrobial susceptibility and antibiotic resistance gene analysis 205
Susceptibilities of the E. meningoseptica isolates and ATCC13253 with corresponding 206 MICs to tested antibiotics showed very similar antibiotic susceptibility spectra with minor 207 discrepancies across strains (Table 3 ). The strains were highly resistant to 13 of 16 208 antimicrobial reagents, showing that they were multi-drug resistance strains (Table 3 ). 209 Twenty-two genes encoding enzymes/proteins conferring resistance to antimicrobial 210 reagents were found by CARD and RAST SEED subsystem (Table 4 ). Up to 5 lactamase genes 211 encoding β-lactamases (EC 3.5.2.6), metal-dependent hydrolases (superfamily I), class C β-212 lactamases/penicillin binding protein and other β-lactamases were predicted in Em2, which 213 possibly contributed to the intrinsic resistance to six β-lactam drugs tested in this study ( Table  214 3). One fluoroquinolone resistance gene (gyrB) and three genes (otrA, tetO and tetBP) by 215 RAST analysis possibly involved in tetracycline resistance were discovered. Moreover, 18 216 multidrug resistance efflux pumps (Table 4) were revealed, which may confer non-specific 217 resistance (Table 3) . 218
Virulence factors predicted in E. meningoseptica in comparison to other Elizabethkingia 219
spp. 220
The pathogenesis mechanisms in Elizabethkingia species remain largely unknown. 221
When PathogenFinder was used to predict the probability of acting as a pathogen for strains 222 Em1, Em2 and Em3, E. meningoseptica showed a "negative" result according to the calculated 223 probability values (~0.162) [31] . Instead, Elizabethkingia genomes only matched 5 non-224 pathogenic families (data not shown), which was possibly due to the lack of similar 225 flavobacterial genomes in the PathogenFinder database. However, 766 putative virulence 226 factors in Em2 were successfully predicted by VFDB (cutoff value set to E -10 , data not shown). 227
Forty-four of them in the bacterial virulence database also showed high identity to the selected 228
Elizabethkingia, although there were some minor variations (S1Table). Many virulence genes 229 were predicted to be involved in CME-1 formation, capsule polysaccharide synthesis, lipooligosaccharide (LOS) synthesis, "attacking" enzymes (proteases), superoxide dismutase, 231 catalases, peroxidase, heat shock protein, two-component regulatory system and many others 232 (see S1 Table) . 233 E. meningoseptica EM2 carried at least 6 genes involved in sialic acid metabolism 234 predicted by RAST while Em1 and Em2 only possessed 4 of them (Table 5 ). Three genes 235 encoded glucosamine-6-phosphate deaminase (nagB), glucosamine-fructose-6-phosphate 236 aminotransferase (glmS) and phosphoglucosamine mutase (glmB), which were involved in the 237 de novo synthesis pathway of sialic acid. Gene products for sialic acid synthesis were highly 238 conserved (identity > 93%) among the three selected Elizabethkingia spp (Table 5 ). Two 239 copies of sialic acid transporter genes (neuC1 and neuC2, encoding UDP-N-acetylglucosamine 240 2-epimerase) were found in strains Em2, G4120 and 61421 PRCM; CSID_3000515919 only 241 carried only one copy (neuC2). An nanH gene, encoding a candidate sialidase, was predicted 242 as the virulence factor (Table 5 ). Among the selected Elizabethkingia, only E. meningoseptica 243 carries nanH (Table 5) . Moreover, neither E. miricola (except strain CSID_3000517120) nor 244 E. anophelis had genes encoding sialidase A (nanH) or sialic acid transporter genes (neu C1 245 and C2). 246
The selected E. meningoseptica species produced biofilm on plastic surfaces (S5 Fig) . 247
Compared to those in strain Em2, gene clusters for capsular polysaccharide synthesis 248 consisting of cap8E, cap8G, cap8O, cap8D, cap4F, cap8F, cps4D, Cj1137c, capD and cap4D 249 were only conserved in strains G4120, 61421 PRCM as well as E. miricola CSID 3000517120 250 (S2 Table) . Further, the gene products responsive for curli biosynthesis and assembly were highly conserved in E. meningoseptica species while they were absent in other Elizabethkingia 252 species (S2 Table) . On the other hand, the flagellin biosynthesis protein FlgD and flagellar 253 motor protein MotB were found in all of Elizabethkingia species (S2 Table) . However, 254
Elizabethkingia may not produce functional flagella because they lack of most of the flagellin 255 structure proteins (data not shown), which is congruent with the fact that bacteria 256
Elizabethkingia are non-motile. 257
Polysaccharide utilization loci and carbohydrate active enzymes 258
E. meningoseptica carried 107 (Em2) or 109 (Em1, Em3) CAZyme-encoding genes 259 occupying ca. 3% of the bacterial genome (S3 Table) . The predicted CAZyme repertoires in 260 the three E. meningoseptica genomes were similar, with 58 glycoside hydrolases (GHs) and 261 two polysaccharide lyases (PLs) distributed across the same families. The main distinction 262 between Em2 and Em1/Em3 was absence of GT2 and GT32 sequences (S3 Table) . The 263
CAZyme repertoires of Em1, Em2 and Em3 strains were similar to other E. meningoseptica 264 strains and showed the same features which distinguished E. meningoseptica from other 265 Elizabethkingia species (S3 Table) . Notably, E. meningoseptica strains did not encode single 266 copies of GH1 (β-glycosidase), GH5 (subfamily 46) and CBM6 (b-glucan binding) genes 267 systematically found in other species, and had a reduced number of genes encoding enzymes 268 from families GH95 and GH130 (S3 Table) . However, E. meningoseptica strains specifically 269 Table) . They also harbor an 281 additional GH13 gene in the Elizabethkingia-conserved PUL with GH63-GH97 which likely 282 targets storage polysaccharides like glycogen and starch, as in the prototypic starch utilization 283 system [33] , and an additional GH16 gene in the Elizabethkingia-conserved PUL that encodes 284 a GH29 appended to a CBM32 (S4 Table) . Interestingly, the only GH-containing PUL 285 conserved in all Elizabethkingia genomes was also widely distributed across the Bacteroidetes 286 phylum, and encoded enzymes from families GH3 (various b-glycosidases) and GH144 (β-287 1,2-glucanase) which suggests action on bacterial β-1,2-glucans. 288
Regulatory systems in Elizabethkingia spp. 289
The Em1 genome encoded 56 two-component system proteins, 191 transcription factor 290 proteins, and 7 other DNA-binding proteins ( Table 6 ). Em3 had the same regulatory systems 291 as those in Em1 ( Table 6 ). The Em2 genome encoded 56 predicted two-component system 292 proteins, 187 transcription factor proteins, and 6 other DNA-binding proteins. It seemed that 293 strain Em1 or Em3 had more regulatory capacity than strain Em2 primarily due to the number of transcriptional regulators (TRs), one-component systems (OCS), and DNA-binding proteins 295 (ODP) proteins. Most E. meningoseptica strains possessed similar numbers of total regulatory 296 protein (ranging from 246 to 254) and components (Table 6 ). Comparable regulatory systems 297 occurred in E. anophelis, although there were more ODPs in E. anophelis CSID_3015183678 298 and Ag1. Remarkably, the total number of TRs (>140) in E. miricola was much higher than 299 those in E. meningoseptica and E. anophelis (Table 6 ). Particularly, the TRs mostly accounted 300 for the higher regulatory systems due to increasing AraC family transcription factors (Table 6) . 301
AraC family regulators control a variety of cellular processes including carbon metabolism, 302 stress responses and virulence. Moreover, the two component systems and DNA-binding 303 proteins were more abundant in the three selected E. miricola strains than those in E. 304 meningoseptica. 305
CRISPR-Cas systems and prophages 306
The clustered regularly interspaced short palindromic repeat (CRISPR)/CRISPR-307 associated protein (CRISPR/Cas) system was predicted in the Em1 and Em3 genome; no such 308 sequences were found in the Em2 chromosome and the other 5 E. meningoseptica strains (S5 309   Table) . The analyses unveiled that Em1 had a directed repeat (47-bp, 310 GTTGTGCAGTATCACAAATATACTGTAAAATGAAAGCAGTTCACAAC) and had 40 311 spacers (S5 Table) . CRISPR sequences were completely conserved in Em3 (coverage 100%, 312 identity 100%). By scanning the other selected E. meningoseptica genomes in the NCBI 313 database, E. meningoseptica strain 4076 (CP016376) and NBRC 12535 had a predicted CRISPR 314 II CRISPR RNA-guided endonuclease Cas9) flanking the CRISPR regions. The amino acid 316 sequences of Cas9 in Em1 showed the highest identity (68%) to that in Capnocytophaga spp 317 (data not shown). Only incomplete prophage elements were found in Em1 (2), Em2 (1), and 318 Em3 (2). Moreover, most of these E. meningoseptica strains did not have the complete 319 prophages except strain CSID_3000515919 (S6 Table) . 320
Discussion 321 E. meningoseptica isolated from hospitalized patients in Michigan carried many virulence 322 factors participating in biofilm formation, proteases, lipooligosaccharide (LOS) synthesis, iron 323 uptake and transportation, heat shock proteins, and capsule formation, highlighting that they 324 have great potential to invade and colonize animal hosts. Further, our results also showed that 325 these E. meningoseptica strains had several uncommon features including multi-drug 326 resistance, sialic acid synthesis and transportation, and curli formation. Comparative genome 327 analysis also showed that E. meningoseptica differed from E. anophelis or E. miricola in many 328 ways. For example, the average GC content in E. meningoseptica was higher than in E. 329 anophelis or E. miricola ( Table 1) , highlighting that E. meningoseptica evolves differently 330 from E. anophelis or E. miricola. The predicted functional genes indicated that representative 331 E. meningoseptica (Em2) shared less than 86% of the total encoding genes with E. anophelis 332 strains and E. miricola. In particular, the divergence of E. meningoseptica from the other 333 characteristics of E. meningoseptica isolated from freshwater tilapia [1] . The results showed 374 that E. meningoseptica displayed better biofilm formation in nutrient-rich medium than that in 375 nutrient-limited one at both low and high temperature [1] .
Sialic acid is generally found at the terminal position(s) within glycan molecules covering 377 animal cell surfaces [53] . Sialic acid is involved in various cellular processes including 378 intercellular adhesion, cell signaling and immune system invasion [54] . In bacteria, sialic acid 379 molecules participate in many pathogenesis processes [54] [55] [56] . For instance, it can be 380 (Table 5 ). Other Elizabethkingia may only utilize sialic acid by de novo 391 synthesis because they lack the exosialidase and sialic acid uptake machinery ( . These genes are likely to confer resistance to these β-lactam antibiotics including the 415 combination drug piperacillin/tazobactam (Table 3 ). E. meningoseptica genomes shared many 416 antibiotic-resistance genes with those from other Elizabethkingia species while there was 417 minor differences [14, 64] . Besides those antibiotic-inactivating enzymes/proteins, Elizabethkingia may utilize the multidrug efflux pumps to excrete a wide range of antibiotics 419
[65], including abes S, msrB, macB, ceoB, adeG and many others (Table 4) Elizabethkingia infections. Analysis of the antibiotic resistance in E. meningoseptica showed 426 that they carried genes conferring to drug resistance including aminoglycosides, isoniazid, 427 streptogramin, aminosalicylate, fluoroquinolone, macrolide, tetracycline, diaminopyrimidine, 428 phenico, glycopeptide and rifamycin. Instead, we did not detect genes involving in resistance 429 of sulfonamide (folate pathway inhibitors) in the genomes of Michigan isolates, which agrees 430 with their susceptibility to trimethoprim/sulfamethoxazole. Mutation of the gyrB gene 431 encoding the DNA gyrase subunit B in strains Em1, Em2 and Em3 was predicted to contribute 432 to fluoroquinolones' resistance (such as ciprofloxacin) in this study. 433
Prophages are known to modulate virulence and antibiotic resistance gene expression, 434 which alters the production and/or secretion of toxins during the infection course [68, 69] . 435
Further, they are one of the important contributors to genetic diversification by transferring the 436 functional genes among the different strains [70] . The rare occurrence of complete prophages 437 in E. meningoseptica remains unclear. Our analysis revealed only few of the selected genomes 438 (Em1 and Em3) had "confirmed" CRISPRs ( Supplementary Table S6 The gene product is regarded as absence if the identity is below 50% compared to those in Em2. 462 
